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Abstract. I survey the theoretical and experimental information available for determination of \Vi,i,\ with inclusive and 
exclusive techniques. Using recent experimental and theoretical advances, I outline a procedure in which the inclusive 
information can be combined to obtain an inclusive |V„i| that includes experimentally-derived uncertainty estimates for 
outstanding theoretical corrections. 



Introduction 

The magnitude of the Cabibbo-Kobayashi-Maskawa 
(CKM)jllli matrix element Vj,/, remains a crucial input 
into tests of the unitarity of the 3-generation CKM ma- 
trix, yet a |V„i| averaging procedure that results in a de- 
fensible uncertainty remains elusive. Recent experimen- 
tal and theoretical progress provides us with an oppor- 
tunity to improve this situation. Here I review the theo- 
retical and experimental concerns in extraction of |Vj,i,|, 
and outline a potential inclusive "averaging" procedure 
in which information from all regions of phase space can 
be combined to bound experimentally the missing theo- 
retical contributions that plague our averaging attempts. 
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FIGURE 1. Efficiency as a function for the "traditional" 
lepton endpoint analysis (dotted curve) and more recent CLEO 
and BELLE analyses (solid curves). 

Inclusive theory has progressed significantly in cate- 
gorization of the important corrections in different re- 
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gions of phase space, and in determination of some of 
the hitherto unknown corrections. Experimentally, mea- 
surements have significantly reduced model dependence 
in extraction of rates. For example, the reduced depen- 
dence of efficiency on dilepton mass = Mu,t in new 
rate measurements near the Ef endpointjsl 0[ |5| (Fig- 
ure^J has reduced model dependence by a factor of three. 
Recent measurements have also minimized reliance on 
detailed dT{B Xuiv) /dEi>dMx„dq^ modeling to sep- 
arate the b u£v signal from b civ. We thus have 
rate measurements with well-defined sensitivities within 
well-defined regions of phase space for which we can 
categorize the important theoretical uncertainties. Both 
the theoretical and experimental improvements are key 
to more robust evaluation of \Vub\. 



Inclusive b ^ uiv 

Theoretically, issues regarding the calculation of the 
total semileptonic partial width r{B Xulv) via the op- 
erator product expansion (OPE) are well-controlled 1 6 ,^ 

1^ llOl [Till . This nonperturbative power series in 1 /mt, 
and perturbative expansion in Us has, at order 1 /m^, two 
nonperturbative parameters: Ai or jx^, which is related to 
the Fermi momentum of the b quark in the meson, and X2 
or /Xq, which parameterizes the hyperfine interaction be- 
tween the heavy quark and the light degrees of freedom. 
The A and jj. parameters differ in their infrared behavior. 
In terms of these parameters, the OPE at 1 /m| yields 



riB^X,ev) = 



2mi 



(1) 



7t 



V)_= 4.58 ± 0.09 GeV, which agrees 
/ II14I1 . dominates the uncertainty. Be- 



The perturbative corrections are known to order a/ Jl 
The error induced by uncertainties in the nonperturbative 
parameters A1.2 is relative small, and an evaluation by the 
LEP Heavy Flavors 1 13| working group yielded 

X (l±0.020;i±0.052„,,) 

The mass ml^{lGeV) 
with a recent survey f 
cause the OPE is a quark-level calculation, the esti- 
mate rests on the assumption of global quark-hadron 
duality, which is well-motivated| 15| for b — * u£v (par- 
ticularly with its broad range of hadronic final states). 
We can bound (Tduaiity by comparison of the more pre- 
cise inclusive and exclusive evaluations of \Vch\- The 
difference! 16| of (0.8 ±1.6) x 10^^ implies (Jduaiity = 
4%, for a total uncertainty of 6.8% on the total rate. 

To overcome the 100 times larger b civ back- 
ground, inclusive b — > ulv measurements utilize re- 
stricted regions of phase space in which the background 
is suppressed. Extraction of |V„f,| then requires the frac- 
tion of the total b u£v rate that lies within the given re- 
gion of phase space. This complicates the theoretical is- 
sues and uncertainty considerably. We first consider mea- 
surements restricted either to the region p( > 2.2 GeV /c 
or to the region of low hadronic mass (Mx < Mo)- Within 
both, the parton-level OPE fails because its expansion 
parameter ExAqcd /'«x ~ 1 ■ We will return to this issue 
and its impact on rate estimations. 

Table □ 

summarizes the rate measurements by 
CLEOI31, BaBar|4] and Belief?] near the pf- endpoint. 
These analyses must suppress background from contin- 
uum processes, and can reach down to about 2.2 GeV/c 
before control of b ^ civ becomes problematic. The 
continuum suppression induces the efficiency variation 
with discussed above. The remainder of the model 
dependence could be eliminated by coarsely binning in 
q^, or, preferably, through use of a tagged B sample. 



TABLE 1. Partial branching fractions for b ulv near the 
Pl endpoint. The rates are integrated up to p™" = 2.6 GeV/c 
(T(45) frame). The estimated rate fraction is given for 
each range. The dagger (t) indicates where the QED radiative 
correction was apphed. 
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Source: Aubert et al. 11 /ll 

FIGURE 2. Reconstructed Mx distribution from the BaBar 
low Mx analysis. 



BaBarO and BellejS have new analyses of the low 
Mx region (combined with a moderate p( > l.Q GeV/c 
requirement), which was first studied by DELPHIflO'l. 
Finite Mx resolution smears the b — > civ background 
below its theoretical limit of Mo, forcing more strin- 
gent Mx requirements that approach a pole in the parton 
level spectrum. The preliminary Belle analysis utilizes a 
D^*'^iv tag, with Mx calculated directly from all parti- 
cles after removal of tag and lepton. This tag still results 
in a significantly larger background than signal level, 
and the systematic estimates (very preliminary) appear 
quite aggressive. The BaBar analysis uses fully recon- 
structed hadronic B tags, again with direct Mx calcula- 
tion. This analysis achieves a beautiful b — > uiv signal in 
the region < 1.55 GeV/c with signal to background 
ratio (see Figure approaching 2:1. This ratio shows 
the anticipated power of the hadronic B tags, which af- 
ford unsurpassed resolution on Mx- The efficiency versus 
Mx, while not featureless, appears promisingly uniform. 
BaBar has also extracted the yields with a fit to the in- 
tegrated Mx < 1 .55 GeV / c interval. Both features mini- 
mize dependence of the extracted rate on detailed model- 
ing of the b uiv, which allows for cleaner theoretical 
interpretation and simplifies improved determination of 
\V,ib\ as theory advances. 

Determination of the fraction of the b uiv rate in the 
PC endpoint or the low Mx region requires resummation 
of the OPE to all orders in ExAqcd /m^fd, 
23]. The resummation results, at leading-twist order, in 
a nonperturbative shape function f{k+)- The argument 



k\\, where 



rrihV^ is the b quark 



momentum with the "mechanical" portion subtracted. 
The spatial components and k± are defined relative to 
the mi,v^ — q^ (roughly the recoiling u quark) direction. 
At leading twist, effects like the "jiggling" of k± are 
ignored, and the differential partial width is given by the 




FIGURE 3. Parton level (blue) and model convoluted (red) 
spectra for B — > X^lv (top, bottom left; from ref. 1 24]) and for 
B XsY (bottom right). 



convolution of the shape function with the parton level 
differential distribution (see Figure|3}: 



dk+f{k+)dT^''""'"' 



(3) 



Because the shape function depends only on parameters 
of the B meson, this description holds for any B decay to 
a light quark, such as B ^ sy. 

It has been known for some timei6l l2lll that measure- 
ment of the Ey spectrum in b ^ sy can yield (at leading 
twist) f{k+). Ideally, \V,,h\ would be determined directly 
from integrated spectralEll mmmiH IH without 
extraction of an intermediate shape function. For the lep- 
ton spectrum, for example, one takes 



V,bV,* 
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-0(Aqcd/Mb), (4) 



where Kpen is a calculable perturbative kernel, and 
Fj,(£'o) and Fj(£'o) are appropriately weighted integrals 
over, respectively, the Ec and Ey spectra above the cutoff 
Eq. a similar expression exists for the Mx spectrum] 26]. 
Practical application by the endpoint analyses is cur- 
rently difficult because of integration of the rate in 
the T(45') frame, which introduces significant smear- 
ing. With tagged B samples, endpoint measurements can 
be made in the B frame (with relaxed continuum sup- 
pression), which would allow for direct application of 
the weighted integral approach. In principle, current Mx 
analyses can akeady use this approach, though exper- 
imental efficiency and p( cutoffs must be incorporated 
into the integrals. All current analyses have, instead, re- 
lied on modeling an intermediate shape function. 

The role of the shape function can be mitigated by re- 
stricting measurement to regions of large q^, where va- 
lidity of the OPE expansion is restored|,3^,2iJ- Restric- 
tion to the region kinematically forbidden to ^ — > c£v. 



> {Ms — Mof', however, introduces a low mass scale 
521] into the OPE, introducing uncertainties of or- 
der {A.QCD/nicf'. However, the combination of an Mx 
with a looser requirement can suppress b — * civ back- 
ground yet still reduce shape function contributions. Fur- 
thermore, the q'^ restriction moves the parton level pole 
away from typical Mx cuts. For a practical choice of re- 
gion, f{k^) contributions are suppressed but not negligi- 
ble. The elimination of high energy hadronic final states 
by the q^ restriction may exacerbate duality concerns. 

A recent Belle analysis |34] in this region employs a 
pe > 1 .2 GeV/c requirement followed by an "annealing" 
procedure to sort reconstructed particles into the "signal" 
and "other" B. The analysis integrates over the rate in 
the region Mx < 1.7 GeV and > 8 GeV^ to extract 
\V„t,\, which again has the desired effect of minimizing 
dependence of the analysis on detailed modeling of the 
b uiv process. The signal to background ratio of the 
analysis, about 1 :6, does not approach that of the B tag 
technique. Belle finds a rate in that q^-Mx region of 



10- 



= 7.37 ±0.8 



±1.12sv.v±0.55rfv±0.24 



uev- 



(5) 

I look forward to analysis of this region with the signifi- 
cantly cleaner B tag technique. 

Extraction of |V„f,| from these measurements has re- 
quired modeling of f{k+) for estimation of the fraction 
(/) of the rate in each region of phase space. The end- 
point analyses use fractions estimated by CLEO| 3] based 
on an f{k+) derived from the CLEO b sy Ey spec- 
trum. CLEO employed several two-parameter functional 
forms f[A^^ , Ap] {k+ ) fss'.'s^ that were convolved with 
the parton-level Ey calculation in fits to the measured 
spectrum between 1.5 and 2.8 GeV. These parameters 
are related to the HQET parameters of similar name, 
and play a similar role in evaluation of the rates. At 
this time, however, we do not know the relationship be- 
tween the shape function parameters (or the moments 
of the shape function) and the HQET nonperturbative 
parameters A = tub — nih and Ai|37, 38]. The fact that 
A'^^ and Xf^ depend on the functional ansatz adopted, 
while the HQET parameters depend on the renormaliza- 
tion scheme, underscores the current ambiguity. 

Figurel^shows the best fit parameters|39] and the one 
standard deviation contour for the exponential form] 36). 
The strong correlation between the two parameters re- 
sults from the interplay between the b quark's effective 
mass (controlled by A'^^) and kinetic energy (controlled 
by Xf^) in determining the mean of the Ey spectrum (and 
the mean energy available for the final state mb ^ uiv). 
The best fit corresponds to (A^^,Af^) = (0.545,-0.342) 
and the rate fractions /e =0.14, /m = 0.53 and fgM — 
0.34 for the CLEO pi > 2.2 GeV/c, the BaBar low 
Mx, and the BELLE Mx — q^ analyses, respectively. The 
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FIGURE 4. Shape function parameters from best fit to Z? ^ 
^yphoton energy spectrum and one standard deviation "ellipse" 

(solid blue circles). Also shown is the (A*''^,Aj*''^) ellipse corre- 
sponding to the BaBar shape function parameter choice (open 
red circles). 



statistical uncertainty derives from the extremes in the 
fractions found on the contour of Figure 0] The end- 
point analysis was symmetrized by taking the average 
of those extremes, resulting in = 0.13 ±0.02, /m = 
0.52 ±0.12 and /,,m = 0.32 ±0.06. The fractions are al- 
most completely correlated as one moves around the con- 
tour A small correction resulting from a re-optimization 
of background normalization in the b ^ sy analysis|40] 
(about 1/5 the assigned systematic) is applied. After in- 
cluding the remaining background subtraction system- 
atic and smaller contributions from the uncertainty 
and from variation of the f{k+) ansatz|35, 36], the rate 
fraction results are =0.13 ±0.03 (with radiative cor- 
rections), /m = 0.55 ±0.14 and /^m = 0.33 ±0.07. A 
more detailed description is forthcoming 141). 

Two alternate approaches to shape function modeling 
have been taken in experimental studies. The BaBar Mx 
analysis! 171 takes the f{k+) ansaetze just discussed, but 
associates ( A'^^ , ■^f ^ ) with the HQET parameters derived 
from spectral moments of the b ^ sy and b civ pro- 
cesses (see Figure|3. Note that while the ellipse appears 



smaller, the A -A^'^'^ correlation does not stabilize the 
average final state energy like the Ey-based correlation, 
resulting in /m uncertainties that are comparable to the 
Ey based uncertainties. The Belle Mx-q^ analysis uses 



reference 113 ir . which employs a simpler form based on 

the single parameter A^^ /X^^ estimated from the /«|,''^' 
mass and typical estimates for Ai . These approaches rest 
on the assumption, now agreed to be incorrect ll37l Issil . 
that an arbitrary renormalization scheme can be used in 



TABLE 2. Summary of inclusive |V„i,[ results. The errors 
on the first group are experimental and theoretical uncertain- 
ties, respectively. The second group, adjusted to a common 
f{k+), lists the total experimental, /(fc+)-related, and Ttot 
uncertainties. The two groups are not directly comparable. 
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ALEPHf43] 


4. 12 ±0.67 ±0.76 
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L3[44] 


5.70±1.00±1.40 
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DELPHI 


4.07 ±0.65 ±0.61 






Mx 


OPAL[45] 


4.00±0.71±0.71 






neur. net 


LEP Avg.[13] 


4.09 ±0.37 ±0.56 








CLEO[46] 


4.05 ±0.61 ±0.65 






triple diff. 


BELLE 


5.00±0.64±0.53 






Mx 


CLEO 


4.11±0.34±0.46 


± 


0.28 


Pf > 2.2 


BaBar 


4.31 ±0.28 ±0.49 


± 


0.30 


Pi > 2.3 


BELLE 


3.99 ±0.23 ±0.45 


± 


0.27 


Pe > 2.3 


BELLE 


4.63 ±0.48 ±0.48 


± 


0.32 


Mx<l.7 


BaBar 


4.79 ±0.40 ±0.60 


± 


0.33 


Mx < 1.55 



the parameterizations employed. The associated uncer- 
tainty is difficult to assess, and has not been included in 
the \V„h \ determinations 

Once the renormalization behavior of f{k+) is under- 
stood, the relationship between HQET parameters, kine- 
matic definitions of the b quark mass, and moments of 
f{k+) will be better defined. Moments of the b — > c£v 
process and nib constraints can then inform extraction of 
,f{k+). Correlations from the mt, dependence in the total 
rate and in the rate fractions must then be incorporated. 
Given the complete independence of the kinematic mass 
determination used for the total rate and the effective 
quark mass in the Ey-dtny&A f{k+), coupled with the 
large effective mass range sampled in the latter, a linear 
combination of those two uncertainties! 34 1 seems overly 
conservative for the present Zs^^derived results. 

Table|2] based on the Heavy Flavors Averaging Group 
(HFAG) summary, !42!, summarizes the full set of inclu- 
sive \Vut,\ results. Given the strong correlations among 
the rate fractions, \Vub \ comparisons are meaningful only 
for results evaluated with common theoretical input. The 
/iy-derived shape function is currently the best motivated 
theoretically and has the most complete categorization of 
uncertainties. I therefore adjust recent results and f{k+)- 
related uncertainties to use the rate fractions discussed 
above. The errors do not include uncertainties from po- 
tentially large theoretical corrections that have been cat- 
egorized but not calculated, as discussed below. 



Combining inclusive information 

Evaluation of the total uncertainty on \V„t,\ remains 
problematic because of three main theoretical complica- 
tions ([see, e.g.. The first arises from subleading 



(higher twist) contributions to the OPE resummation ll49l 
EollSlLls^ . which are not universal. Hence with use of 
b sj to constrain f{k+), there exist subleading contri- 
butions both to the use of a shape function m b ^ u£v 
itself and to the derivation of f{k+) from b sy. The 
subleading contributions, formally of order AQco/mh, 
can be as large as ^ 15%. Indeed, a partial estimate|51] 
for the endpoint region finds corrections that are approxi- 
mately the same size as the other combined uncertainties. 

The second contribution, from "weak annihilation" 
processes|53, 54], is formally of order (Agco/w^*)^ but 
receives a \6k^ enhancement. The contribution, which 
requires factorization violation to be nonzero, is expected 
to be localized near ~ m^. This results in further 
enhancement of the effect on |y„i| measurements. For 
the endpoint region, an effect on the total rate of 2-3% 
(for factorization violation of about 10%), corresponds 
to 20-30% on the endpoint rate. 

Finally, while global quark hadron duality is well- 
motivated for spectral moments, the OPE cannot predict 
the detailed inclusive spectra. The extent of violation of 
quark-hadron duality locally depends on the size and na- 
ture of the region of phase space considered: including a 
large fraction of the rate is best. The associated uncer- 
tainty is difficult to assess. 

The problems outlined present a considerable obstacle 
to a meaningful average of the inclusive results. Results 
with a potentially large bias will be included with nei- 
ther correction nor meaningful uncertainty: \Vuh\ will be 
biased and have an unreliable uncertainty. As an alter- 
native, we can choose a region of phase space that pro- 
vides a reasonable compromise among the unknown con- 
tributions. The choice is inherently subjective given the 
different viewpoints within the theory community ([see, 
e.^.- Eollilll '). In this reviewer's opinion, the opportunity 
to bound experimentally the uncertainties we know of, 
thereby providing as complete an uncertainty estimate 
as possible, is more important than achieving the small- 
est statistical precision. Currently, I find the region re- 
stricted to low Mx and higher the most compelling. 
It has reduced corrections from f{k+) and hence from 
subleading contributions, yet has a sufficient fraction of 
the spectrum to dilute weak annihilation and local quark 
hadron duality concerns. The low Mx and pi endpoint 
regions, in which one or more of the corrections is more 
pronounced, then play critical roles in limiting the uncer- 
tainty in this region. I stress that estimating a complete 
inclusive uncertainty is of fundamental importance, and 
hence that I consider measurements in all three regions of 
equal importance. Indeed, I view a single coherent analy- 
sis of all three phase space regions simultaneously an im- 
portant milestone for both B factories, particularly with 
application of the powerful and clean B tag samples. 

For now, however, only BELLE has contributed a 
result for this region of phase space, and I quote that 



result as my "central value": 

|V„z,|/10-^ =4.63±0.28s,„r±0.39sy.± (6) 

0.48 ± 0.32r„„, ± ctwa ± (^S5f ± c^LgD- 

New measurements in this region can be easily combined 
when available, and will improve the experimental un- 
certainties. We must determine the uncertainties for weak 
annihilation (WA), subleading shape function corrections 
(SSF) and local quark hadron duality (LQD) within this 
region. Note that the data are not yet precise enough to 
draw conclusions regarding the presence or absence of 
these corrections; we use them to provide bounds. 

Each phase space region considered should largely 
contain the WA contribution, which will be most (least) 
diluted in the low Mx (endpoint) region. For a neglected 
WA contribution, comparison of \Vub\ from these two 
regions would predict a bias in the Mx, q^ region to be 

[(1 - /,m)//,m] [A/m/(/m - /.)] « 0.39 (7) 

of the observed difference. The quoted value, which is 
model dependent, is based on the fractions found for the 
/iy-derived f{k+). Comparison of the CLEO endpoint 
and BaBar low Mx values, taking into consideration 
the almost total correlation in the shape function and 
Ttot uncertainties, yields A|y„i|/10"^ = 0.69 ±0.53. I 
take the larger of the central value and error and scale 
according to Eq.0to obtain Gwa ~ 0.27. 

To estimate Gssf, I assume that subleading cor- 
rections scale like the fractional change in the rate 
prediction (AF/F) that f{k+) induces relative to the 
parton-level calculation. Comparison of the low Mx re- 
gion ([AF/F]m ^ 0.15) to the combined Mx, q^ re- 
gion ([Ar/r]gM ^ —0.075) with theory correlations con- 
sidered, gives A|y„fc|/10"^ = 0.16 ±0.63. Scaling by 
|(AF/F)^m/(AF/F)m| = 0.49, which is model depen- 
dent, we obtain ossf ~ 0.31. 

Finally, to bound the local duality uncertainty, I as- 
sume that the error scales with the rate fraction / as 
(1 — /)// (ad hoc, but goes to zero for full phase space 
and diverges for use of the detailed spectra). To obtain an 
estimate, I compare the CLEO pe > 2.2 GeV/c region to 
the average of BaBar and BELLE in the p( > 2.3 GeV/c 
region and apply the subleading correction estimates L51i] 
(+0.27 X IQ-^) to minimize potential cancelation be- 
tween duality violation and subleading corrections. This 
yields (|y„i|2-3 _ |y„^|2.2 + o.27)/10-3 = 0.29 ± 0.38. 
Scaling the uncertainty by 

(1 - .fqM)/fqM ~ 29 ("8^ 

(l-/2.3)//2.3-(l-/2.2)//2.2'^ ' ^ ' 

based on the fractions in TableQlgives dLgo 0. 1 1 . 
From this combination of information, we thus find 

|y„i|/10-^' - 4.63 ±0.28sr„r±0.39sv.v± (9) 
0.48 ± 0.32r„,, ± 0.27 wa ± 0.3 Is^f ± 0. H^qd 



for a total theory error of 15%. Since experimental un- 
certainties dominate, quadrature addition seems reason- 
able. The limits presented here can be improved in ro- 
bustness ( e.g. considering potential cancellations among 
effects), through more sophisticated scaling estimates, 
and through improved and additional measurements. Im- 
provement of the b ^ sy photon energy spectrum is key. 
Measurements of versus Ds semileptonic widths and 
comparison of neutral and charged B decay can help limit 
WA contributionsjjs^l- Finally, improved theory for the 
scaling of the effects over phase space could allow de- 
velopment of a procedure for simultaneous extraction 
of |V„i| and the corrections, with all experimental infor- 
mation contributing directly to |y„;,|, or could shift the 
choice of "preferred" region. 



Exclusive measurements oih u£v 

I devote considerably less time to discussion of exclu- 
sive determination of \Vub \ - not because it is less impor- 
tant but because the story is simpler. Theoretical issues 
center on determination of the form factors (FF) involved 
in the decays. For B — > 7t£v, for example, one has[55J 



dr{B ^ nlv) 
dq^d cos, 9( 



= \V, 



lib] 



2\\2 



(10) 



with only the single form factor f+{q ) for massless lep- 
tons. Final states with a vector meson depend on three 
form factors. The measured rates depend on the varia- 
tion of the form factors with q'^ ("shape") and their rel- 
ative normalizations! 56 1, while extraction of |Vj,f,| de- 
pends both on their shape and absolute normalization. 

A large variety of calculations exist. For extraction 
of \Vub\, the focus has sharpened onto the QCD-based 
calculations of lattice OCdVlOCD)!^ ^ ^ M ^ 
il m m EILIel |o lei @ and hght cone sum 
rules (LCSR)R0'^l7l I?! Ih III Its', 7?, "78^ . Only 
quenched LQCD FF calculations are available for b 
uiv, and these have sensitivity only in the range g'^ > 16 
GeV^. Approximations made in the LCSR calculations 
are only valid for < 16 GeV^. A recent summary! 73 
shows reasonable agreement where comparison is pos- 
sible. The FF's have also been evaluated using many 
quark- or parton-model based techniques! 80, 81, 82, 

85, 86, "S?, W, 89, 90, 91, 92, 93, 94!. Uncertain- 
ties in these models are difficult to assess, and they ex- 
hibit a broad variation in shape. Finally, various stud- 
ies of FF's based on constraints from dispersion rela- 
tions, unitarity or Heavy Quark Symmetry have been 
made isl il 153 m m U 00 1 . 

Recent work has helped assessment of the reliability 
of the FF's based on the available LCSR and quenched 
(no light quark loops in the propagators) LQCD calcu- 



lations. Analysis!ll011 \1M UM UM of the LCSR ap- 
proach within the framework of soft coUinear effective 
theory (SCET) has sparked debate regarding potential 
contributions missing from LCSR. The B ^ piv FF's, 
in particular, may be overestimated in LCSR, biasing 
\V,ib I low. Unquenched LQCD calculations have begun to 
appear, and comparison to experiment shows much bet- 
ter agreement with data (few percent) than for quenched 
results! 1 05J . While work has begun on unquenched FF's, 
initial results are hmite d to valence quark masses ~ m, . 
Initial results! 106, 107] are compatible with the ^15% 
uncertainties assigned for the quenching approximation. 

To date, all exclusive measurements employ detec- 
tor hermeticity to estimate pv, which allows full recon- 
struction of the decays. Two general strategies have been 
taken. The CLEO! 108! and BaBar! 109] B piv anal- 
yses emphasize higher efficiency and employ relatively 
loose event cleanliness and v-consistency criteria. With 
the resulting background levels, these analyses are pri- 
marily sensitive in the region p( > 2.3 GeV/c. To extract 
total branching fractions and \V,ib\, these analyses survey 
a variety of FF models, including LQCD and LCSR cal- 
culations extrapolated over the full q^ range. 

The simultaneous B %lv and B p£v measure- 
ment by CLEO !110!, on the other hand, applies strict 
criteria to achieve acceptable background levels over a 
broad p( range. With sensitivity down to 1.0 GeV/c (1.5 
GeV/c) for 7t£v {p£v), this analysis was able to extract 
independent rates in three q^ bins. This eliminated model 
dependence of the measured n£v rates (Figure |5} and 
halved that for p£v rates (see Ref. fs^ for a discussion 
of model dependence). Furthermore, the analysis permits 
extraction of \V,ib \ from the LQCD and LCSR FF's within 
their valid q^ ranges and so without additional modeling. 
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FIGURE 5. The CLEO S° -^K't+v partial branching frac- 
tions based on three disparate FF models. 



TABLE 3. Summary of exclusive \Viii,\ measurements. The 
errors listed are the statistical and experimental systematic un- 
certaines combined in quadrature, and all form factor uncer- 
tainties, respectively. In the CLEO '03 averages, the LQCD 
and LCSR uncertainties have been treated as correlated. 







range 


EE 




3.23+5;j^±0.58 


(GeV^) 




CLEO '00 p 


all 


survey 


BaBar '01 p 




all 


survey 


CLEO '03 K 


333±0.2Stoil 


< 16 


LCSR 


CLEO '03 71 


2.88 ±0.63+039 


> 16 


LQCD 


CLEO '03 71 


3.24 ±0.26^°-^,'; 


average 




CLEO '03 p 


+0.47 +0-50 
^•°'-{).50_0 39 


< 16 


LCSR 


CLEO '03 p 


3 34+0.42+0:69 
■^•-'^-0.48-0.62 


> 16 


LQCD 


CLEO '03 p 


■'•""-0.41-0 47 


average 




CLEO '03 7t,p 


3 , 7+0.23 +0-53 
-'•^'-0.24-0.39 


average 




CLEO '03 K,p 


3.26±0.24+[;-^^ 


average, no p LCSR 



Table 13 summarized the results for \V,ih\ from exclu- 
sive measurements. Averages of the CLEO results are 
given with and without the low region for p£v (for 
which LCSR validity is under debate). Note that FF- 
related uncertainties have been treated as completely 
correlated in the LCSR and LQCD averages to re- 
main conservative. The LQCD uncertainties for the tt 
(p) modes include 15% (20%) quenching uncertainties, 
which are called out separately in the LQCD references. 
Ref. ll56il presents a more complete review of recent 
B — > Xu£v branching fractions, including measurements 
from which \Vuh\ has not yet b een extracted. Of note is 
evidence forB+ a)£+v(lH andB+ rji+v fiuh . 

Potential exists for significant correlation among the 
dominant experimental systematics|56|, so the results 
have b een averag ed assuming full correlation. The earlier 
resultsflOS'.'' 109], which depend more heavily on model- 
ing, are deweighted by 5%. The average yields 

\V„b\ = (3.27 ±0.13 ±0.19;SJ:^^) X 10-^ (11) 

where the errors arise from statistical, experimental 
systematic and form factor uncertainties, respectively. 
Should the LCSR form factors prove to be overesti- 
mated, I also average without including information us- 
ing < 16 GeV2 in piv, yielding \V„t\ = (3.26±0.19± 
0.15 ±0.04+111^) xlO-\ where the errors are statistical, 
experimental systematic p£v form factor uncertainties, 
and LQCD and LCSR uncertainties. 

The future for exclusive determinations of \V,ii,\ ap- 
pears promising. The large B tag samples being col- 
lected should allow significant improvement in v reso- 
lution and reduction of backgrounds and experimental 
systematics. Unquenched LQCD calculations are under- 
way and will eliminate the primary, poorly controlled. 



source of uncertainty. Recent advances may also allow 
use of the full range for extraction of \Vub\ with 

LQCDnniini. For both LQCD and experiment, 7t£v 

appears to be the golden mode - even the B* pole now ap- 
pears manageable 1 68 1 . B rj£v will provide a valuable 
cross-check. The p£v mode will be more problematic for 
high precision. The broad p width leaves experiments 
open to larger backgrounds, including poorly-understood 
nonresonant ;r;r contributions. In unquenched LQCD 
calculations the p is unstable, and methods for accom- 
modating the high energy tztz final state have yet to be 
developed. The (o£v mode may prove more tractable. 
Agreement between accurate \V„t,\ determinations from 
7t£v, r\£v and (a£v will add confidence overall. 



Inclusive, exclusive averaging 

Until recently, I have argued against averaging of in- 
clusive and exclusive results because of outstanding un- 
certainties in the former and no checks on the latter' s the- 
ory. With the experimental bounds on uncertainties deter- 
mined above, and some clarification of the reliability of 
LCSR and of the quenching uncertainties in LQCD, my 
major concerns are being addressed. I therefore combine 
the inclusive and exclusive results and find 

|y„i| = (3.67 ± 0.47) xlO-l (12) 

Excluding results based on data below q^ <\6 GeV^ in 
the p£v yields a similar result: \Vub\ = (3.70 ±0.49) x 
10^^. Inclusive and exclusive averaging will likely re- 
main controversial in the short term. However, with the 
progress expected both inclusive and exclusive measure- 
ments and theory, I anticipate a noncontroversial value 
of |Vj,/,|, with an uncertainty bettering the 13% presented 
here, in the next few years. 
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